Background. We investigated the association between blood pressure control and common cardiometabolic risk factors from a global and regional perspective. Methods. In the present analysis of a large cross-sectional i-SEARCH study, 17.092 outpatients receiving antihypertensive treatment were included in 26 countries. According to clinical guidelines for the management of arterial hypertension, patients were classified based on the level of seated systolic/diastolic blood pressure (SBP/DBP). Uncontrolled hypertension was defined as SBP/DBP ≥140/90 mmHg for non-diabetics, and ≥130/80 mmHg for diabetics. Results. Overall, mean age was 63.1 years, 52.8% were male, and mean BMI was 28.9 kg/m 2 . Mean SBP/DBP was 148.9/87.0 mmHg, and 76.3% of patients had uncontrolled hypertension. Diabetes was present in 29.1% with mean HbA1c of 6.8%. Mean LDL-cholesterol was 3.2 mmol/L, HDL-cholesterol 1.3 mmol/L, and triglycerides 1.8 mmol/L; 49.0% had hyperlipidemia. Patients with uncontrolled hypertension had a higher BMI (29.4 versus 28.6 kg/m 2 ), LDL-cholesterol (3.4 versus 3.0 mmol/L), triglycerides (1.9 versus 1.7 mmol/L), and HbA1c (6.8 versus 6.7%) than those with controlled blood pressure (P < 0.0001 for all parameters). Conclusions. Among outpatients treated for arterial hypertension, three quarters had uncontrolled blood pressure. Elevated SBP/DBP and uncontrolled hypertension were associated with increasing BMI, LDL-cholesterol, triglycerides, and HbA1c, both globally and regionally.
Introduction
Arterial hypertension represents a major cause of cardiovascular morbidity and mortality, and affects approximately 1 billion individuals worldwide [1, 2] . Despite the availability of efficient nonpharmacological and pharmacological therapies, blood pressure control rates are largely unsatisfactory, mostly due to underdiagnosis and undertreatment [3] . Furthermore, arterial hypertension is frequently clustered with other metabolic disorders, such as an elevated body mass index (BMI), waist circumference (WC), fasting glucose, triglycerides (TG), and HDL-cholesterol-all of which are associated with adverse cardiovascular outcomes [4] [5] [6] [7] . Therefore, international guidelines mandate not only an assessment of the global cardiovascular risk, but also a risk-based approach to antihypertensive therapy [8] . Apart from the impact of the association of an elevated blood pressure with metabolic disorders on patient's cardiovascular risk, there are also implications from a therapeutic perspective. Recent data have shown independent antihypertensive effects of statins in patients with hypertension and hypercholesterolemia, and an association of blood pressure lowering with a decrease in the antioxidative activity of HDL-cholesterol [9, 10] . These data illustrate not only a potential cross-talk between different biochemical pathways, involved in the pathogenesis of atherosclerotic disease, but also the ability of pharmacological treatments to act on several risk factors at the same time. Especially in light of the low blood pressure control rates worldwide, it appears to be important to have a deeper understanding of the association of blood pressure with relevant metabolic risk factors and cardiovascular risk markers. The present analysis aims to investigate the association of blood pressure control with several metabolic risk factors/cardiovascular risk indicators, and to gain insights into regional/ethnical differences of these associations from a large international survey, conducted in more than 20.000 patients with arterial hypertension.
Methods
A large cross-sectional International Survey Evaluating microAlbuminuria Routinely by Cardiologists in patients with Hypertension (i-SEARCH) study was conducted in [2005] [2006] in cardiology outpatient clinics in 26 countries world-wide as described previously [11] . 21 .794 patients, aged ≥18 years with currently treated or newly diagnosed arterial hypertension, were enrolled into the study. In all patients, urinary dipstick screening was performed and the prevalence of microalbuminuria (MAU) was determined. Furthermore, information on patient demographics, anthropometric measures, cardiovascular risk factors, metabolic parameters, comorbid conditions, and cardiovascular drug therapy was collected. The present analysis was performed in 17.092 patients receiving antihypertensive treatment. According to contemporary clinical guidelines for the management of arterial hypertension [8] , patients were classified based on the level of seated systolic/diastolic blood pressure (SBP/DBP) measured at rest on day of study visit. For each level of SBP (<120, 120-139, 140-159, 160-179, ≥180 mmHg) and DBP (<90, 90-99, 100-109, ≥110 mmHg), the association with the following indicators of cardiometabolic risk was determined: BMI (kg/m 2 ), WC (cm), diabetes mellitus (%), HbA1c (%), LDL/HDL-cholesterol (mg/dL), triglycerides (mg/dL), and C-reactive protein (CRP, mg/dL). Furthermore, cardiometabolic risk was determined according to blood pressure control. Uncontrolled hypertension was defined as SBP/DBP ≥140/90 mmHg for nondiabetic and ≥130/80 mmHg for diabetic patients.
All analyses were performed both globally and separately for the following 5 geographical regions: Northern Europe (Belgium, Germany, Sweden, Switzerland), Southern Europe (Greece, Italy, Spain, Turkey), North America (Canada), Middle East (Kuwait, Lebanon, Qatar, Saudi Arabia, United Arab Emirates) and Asia (Hong Kong, Indonesia, Korea, Singapore, Taiwan, Thailand, Vietnam). The analysis population comprised patients with no missing data for SBP/DBP and the respective metabolic parameter. A linear model was used to estimate the least square means of BMI, WC, HbA1c, LDLcholesterol, HDL-cholesterol, triglycerides, and CRP for each level of SBP/DBP and by region. The model was adjusted for age and gender (BMI, WC, and CRP); for age, gender, and antidiabetic treatment (HbA1c); and for age, gender, and the presence of diabetes (LDL-and HDL-cholesterol, triglycerides). A logistic regression analysis was conducted to estimate the prevalence of diabetes for each level of SBP/DBP and region, adjusted for age and gender (predictive marginal probabilities). Continuous variables are depicted as adjusted means (least square means) ± standard deviations and categorical variables as percentages (95% confidence intervals). , and in patients with uncontrolled versus controlled blood pressure (100.7 versus 98.8 cm) (P < 0.0001 for all parameters). By comparing the association of BMI and WC across the regions, an increase in BMI with increasing SBP/DBP could be observed for Northern, Southern Europe and the Middle East region, whereas in North America and Asia, BMI decreased with increasing SBP, and increased with DBP (P < 0.05 for all comparisons). Only in Northern and Southern Europe, uncontrolled versus controlled blood pressure was associated with an increase in BMI (P < 0.0001). With increasing SBP/DBP an increase in WC could be observed for Northern Europe, Southern Europe, North America, and Middle East (in the latter only for DBP, P < 0.0001), whereas an inverse relationship between SBP/DBP and WC was observed for Asia (P < 0.0001). For details see Tables 2 and 3. 3.3. Blood Pressure and Diabetes/HbA1c. The prevalence of diabetes was 28.4% in patients with an SBP <120 mmHg and 32.6% in patients with an SBP ≥180 mmHg (P < 0.0001). Diabetes was present in 30.9% of patients with a DBP <90 mmHg and 28.1% of patients with a DBP ≥110 mmHg (P < 0.0001). There was no difference in the prevalence of diabetes in patients with uncontrolled versus controlled hypertension in the overall population (27.7% versus 30.4%; P = 0.18). Mean HbA1c increased from 6.7% in patients with an SBP of <120 mmHg to 7.0% in patients with an SBP of ≥180 mmHg (P < 0.0001), from 6.8% in patients with a DBP <90 mmHg to 6.9% in patients with a DBP ≥110 mmHg (P < 0.0027), and from 6.7% in patients with controlled to 6.8% in patients with uncontrolled blood pressure (P < 0.0001). A significant increase in HbA1c with SBP and DBP was observed in Northern and Southern Europe, but not in Northern America, Middle East, and Asia. For details, see Tables 4 and 5 .
Results

Cardiometabolic Risk
Blood Pressure and Lipids.
The mean LDL-cholesterol was higher in patients with SBP ≥180 versus <120 mmHg (3.4 versus 2.9 mmol/L), in patients with DBP ≥110 versus <90 mmHg (3.5 versus 3.0 mmol/L), and in patients with uncontrolled versus controlled blood pressure (3.4 versus 3.0 mmoL) (P < 0.0001 for all parameters). Mean HDLcholesterol was 1.3 mmol/L, and there was no association between HDL in patients with uncontrolled versus controlled hypertension (P = 0.13). Triglycerides increased from 1.5 mmol/L in patients with an SBP <120 mmHg to 1.9 mmol/L in patients with an SBP ≥180 mmHg, and from 1.7 mmol/L in patients with a DBP <90 mmHg to 1.9 mmol/L in patients with a DBP ≥110 mmHg (P < 0.0001 for both parameters). Triglycerides were also higher in patients with uncontrolled versus controlled blood pressure (1.9 versus 1.7 mmol/L, P < 0.0001). The regional comparison revealed an increase in LDL-cholesterol as well as triglycerides with increasing SBP and DBP for all 5 regions, whereas no association between HDL-cholesterol and blood pressure levels was observed. For details see Tables 6, 7 , and 8.
Blood Pressure and CRP.
The mean CRP was higher in patients with SBP ≥180 versus <120 mmHg (1.1 versus 0.7 mmol/L), in patients with DBP ≥110 versus <90 mmHg (1.0 versus 0.8 mmol/L), and in patients with uncontrolled versus controlled blood pressure (1.0 versus 0.8 mmol/L) (P < 0.0001 for all parameters). An increase in CRP with SBP and DBP was observed in Northern Europe and Northern America only. For details see Table 9 .
Discussion
In the present analysis of a large international study of patients treated for arterial hypertension, both an elevated SBP and DBP, and uncontrolled hypertension were associated with increasing BMI, WC, LDL-cholesterol, triglycerides, HbA1c, and CRP, whereas there was no association between HDL-cholesterol and blood pressure levels. Furthermore, the presence of diabetes was associated with an elevated SBP only. The observed associations between blood pressure levels and metabolic parameters were consistent across all 5 geographic regions, even though some associations were not significant, especially in regions with a low sample size for individual parameters, such as the Middle East, Asia, andpartly-North America. Based on the data presented herein, it appears difficult to draw any firm conclusions on stronger and weaker associations of individual cardiometabolic parameters with blood pressure for some regions as compared to the overall population or the European region. Furthermore, regional samples cannot be necessarily considered as ethnically/culturally homogenous and any regional analysis might be confounded by differences in the genetics or dietary habits of study participants. Overall, our data are consistent with findings from other investigations, where the prevalence of additional cardiometabolic risk factors among hypertensive patients was as high as 82% and was associated with poor blood control in the United States [12] . Of interest, data from the large European Global Cardiometabolic Risk Profile in Patients with Hypertension Disease (GOOD) survey in 3280 outpatients treated for or newly diagnosed with hypertension indicate that the prevalence of cardiometabolic risk factors is higher in Central Europe (Hungary) and Atlantic European Mainland (Belgium, Germany, and the Netherlands) compared with the Northwest (Norway, Sweden, and the United Kingdom) and Mediterranean (Italy, Portugal, Slovenia, Spain, and Turkey) regions [13] . Similarly to the GOOD Survey, only one quarter of patients had controlled blood pressure in our study [14] .
Our results confirm the significant association between systemic hypertension and other cardiometabolic risk factors, including visceral obesity, diabetes, and hyperlipidemia. Obviously, the vast majority of patients with arterial hypertension are at multiple risk of cardiovascular disease. Therefore, our data emphasize the statement of current joint guidelines of the European Society of Hypertension and European Society of Cardiology concerning an intensified diagnostic and therapeutic measures in patients with an elevated SBP and DBP [8] .
Reasons for the observed association between increasing blood pressure and the presence of cardiometabolic risk factors remain to be determined. It is a subject of an ongoing debate, whether patients with an elevated SBP and DBP simply more frequently have an unfavorable cardiometabolic risk profile with poorly treated cardiovascular parameters or whether there is a causal relationship between a high systemic blood pressure and the deterioration of multiple cardiometabolic markers. The intra-abdominal obesity and recently discovered endogenous gland activity of adipose tissue producing various hormones and cytokines, such as angiotensinogen, insulin, resistin, lipoprotein lipase, leptin, lactate, plasminogen activator inhibitor, adipsin, and interleukin, seem to play a central role in the development of disadvantageous cardiometabolic profile and may represent the causal link between arterial hypertension, atherogenic dyslipidemia, diabetes, thrombosis, and inflammation [15] . This hypothesis is further supported by the mandatory presence of abdominal obesity in the definition of potentially detrimental metabolic syndrome [16, 17] . Other possible reasons include organ damage as a consequence of hypertension which may lead to potentiation of other cardiometabolic risk factors. In addition, visceral obesity, hypertriglyceridemia, and low HDL-cholesterol levels were associated with resistance to antihypertensive therapy in the GOOD survey [18] .
Proinflammatory mechanisms are thought to be a hallmark of the cardiovascular disease process, notably in disease states such as hypertension. These findings are often exacerbated by the increasing prevalence of obesity worldwide. Obesity is often accompanied by high plasma levels of nonesterified fatty acids that cause insulin resistance in skeletal muscle and overload the liver with lipids, producing fatty liver and atherogenic dyslipidemia [19] . Fat accumulation in the liver may also stimulate hepatic cytokine production and lead to higher levels of proinflammatory markers. Taken together, the abnormal proinflammatory state leads to a worsening of metabolic control, abnormal vascular function, and eventually cardiovascular and renal diseases [20] .
Lifestyle changes, including an increased prevalence of obesity and the metabolic syndrome contribute to the incidence of hypertension [21, 22] . At the environmental level, barriers to healthy lifestyles include lack of access to exercise facilities at work or in the community, lack of bicycle and walking paths, and high traffic and crime in urban settings which prevent access to safe walking areas. Seasonal variation, market availability, and affordability of fresh fruits and vegetables in small urban stores are issues, thus multilevel approaches incorporating both individual and policy level changes are advocated. These variations are magnified within certain ethnic and geographical situations. Nevertheless, despite the uncertainty about the causal relationship between an elevated SBP and DBP and the presence of cardiometabolic risk factors, the association appeared to be significant and consistent across various continents and ethnicities in our study. The benefits of a multidimensional approach influencing antioxidative, antiinflammatory, or antithrombotic pathway on cardiovascular outcomes were repeatedly demonstrated in the context of hypertension management [23] . Consequently, a systematic assessment of the global cardiovascular risk and a risk-based approach to antihypertensive therapy shall be mandated in all patients with arterial hypertension.
Strengths and Limitations of Our Study.
The strengths of our study include the prospective enrollment of a large sample of treated hypertensive patients and the collection of detailed information on systemic blood pressure and cardiometabolic parameters.
One study limitation is the fact that the numbers of enrolled patients differ substantially between the 5 regions. Therefore, the regional comparisons and P-values should be interpreted with caution. Neither a uniform methodology nor a central laboratory was used for measurements of blood pressure and cardiometabolic parameters. Thus, differences in region-specific techniques and measurements may have influenced the comparability of results. Another study limitation is the fact that the present analysis of lipid measurements was not adjusted for statin use. However, the analysis was adjusted for age and, therefore, for age-dependent rise of LDL-cholesterol and triglycerides, and indirectly also for statin use because the elderly more often receive statin treatment. Finally, our study was not designed to explore reasons for the observed association between an elevated blood pressure and cardiometabolic risk factors.
Conclusions
An elevated SBP and DBP, but also uncontrolled hypertension, are associated with an increase in cardiometabolic risk, independently of the geographic region. These findings not only highlight the importance of a thorough risk-stratification of patients with arterial hypertension, but also the necessity of treating concomitant cardiometabolic risk factors in order to decrease the overall cardiovascular risk of patients with arterial hypertension.
